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ABSTRACT

24
Cell-surface hydrophobicity has been shown to be an important factor in the ability of 25 C. albicans to adhere to host tissue and in determining its resistance to phagocytic 26 killing. Farnesol was recently identified as a quorum-sensing molecule that inhibits 27 mycelial development in this organism. In this study, C. albicans A9 (wild type) and 28 V10 (cell-wall-variant strain) were used. Previous experiments have indicated that 29 A9-WT organisms have hydrophilic cell walls, while A9-V10 exhibits hydrophobic 30 cell surfaces when both are grown in Yeast Nitrogen Broth (without amino acids) 31 supplemented with 2% glucose at 37° C. The effect of farnesol on the incorporation 32 of arginine, aspartic acid, glycine, histidine, leucine, and serine was studied in wild-33 type and cell-wall variant strains under these conditions. It was determined that both 34 strains incorporated significantly greater amounts of all amino acids tested, except for 35 glycine, as the concentration of farnesol increased to 10 ug/mL. Farnesol 36 concentrations greater than 10 ug/mL abolished the enhanced effects of amino acid 37 transport in both strains of C. albicans. In addition, it was determined that farnesol-38 treated A9-V10 hydrophobic cell surface organisms had increased amino acid uptake 39 compared with the hydrophilic A9-WT strain although the magnitude of the effect (% 40 increase) varied depending on the amino acid studied. 41 42 (Key Words: Candida albicans, farnesol, amino acid incorporation) 43 affecting humans. C. albicans is the primary etiologic agent of candidiasis, a disease 45 that can vary from superficial mucosal lesions in the immunocompetent host to 46 systemic or disseminated infection in the immunocompromised individual (Odds 47 1988; Ahearn 1978) . The cell wall of the organism is important to its success as a 48 pathogen (Odds 1985) because it is required for growth; provides rigidity and 49 protection against osmotic insult; and is the site of contact between the organism and 50 its surroundings. Survival of C. albicans in its environment is dependent on the 51 transport of nutrients into the organism. For molecules to enter, they must first pass 52 through the cell wall and then the plasma membrane, a limiting structure between the 53 cell wall and the cytoplasm that acts as a permeability barrier to many solutes. 54
55
The molecular complexity of the C. albicans cell wall is well known. The cell 56 wall is a heterogeneous structure composed predominantly of polysaccharides 57 (mainly mannan, glucan, and chitin), proteins, and lipids (Calderone and Braun 1991; 58 Odds 1985) . The proteins located on the external surface of C. albicans are composed 59 of high-molecular-weight mannoproteins, and constitute the outer fibrillar layer of 60 the cell wall. These mannoproteins are regarded as important sites that influence 61 amino acid transport by this organism (Braun 1999) . Investigators have observed that 62 the presence of fibrillar mannoproteins determines the hydrophilic nature of C. 63 albicans cells (Glee et al. 1995; Hazen and Hazen 1992) . Any changes in the length 64 or concentration of mannoprotein fibrils, or decrease in the amount of 65 phosphodiester-linked, acid-labile mannosyl-groups results in a hydrophobic cell 66 surface (Masuoka and Hazen 1997) . 67 molecule produced by C. albicans, blocks yeast-to-mycelium conversion when it 70 accumulates above threshold levels. Farnesol is a hydrophobic molecule that alters 71 cell morphology but does not alter growth rate. It is produced at all growth 72 temperatures, and is produced continuously during growth of C. albicans (Hornby et 73 al. 2001) . Inhibition of C. albicans biofilm formation by farnesol also has been 74 reported (Ramage et al. 2002) . 75 76 The purpose of this study was to determine how amino acid incorporation was 77 influenced by exogenous supplements of farnesol. Any changes in nutrient transport 78 due to farnesol presence would affect the growth and presumably the pathogenesis of 79 this organism. Two strains of C. albicans were used. When grown in amino-acid-80 deficient Yeast Nitrogen Broth (YNB) supplemented with 2% glucose, the wild-type 81 strain of C. albicans (A9-WT) exhibits hydrophobic cell surfaces at 23°C and the 82 typical hydrophilic morphology at 37°C. The cell wall variant (A9-V10) however, 83 displays cell-surface hydrophobicity under all growth conditions (Masuoka and 84 Hazen 1997) . 85 86 C. albicans A9-WT and A9-V10 were maintained on brain-heart infusion 87 slants at 4°C. The two strains were grown to mid-stationary phase in YNB buffered 88 with 0.05-M sodium phosphate (pH 7.2) and supplemented with 2% (w/v) glucose 89 (YNB+G) at either 23°C or 37°C to induce hydrophobic or hydrophilic cell wall 90 conditions. Cells were washed and resuspended in PB (sodium phosphate buffer, 0.05 91 M, pH 7.2) and kept on ice. 92 93 polystyrene microsphere assay (Hazen and Hazen 1988) . A working 10% solution 95 was prepared by placing 6 mL of stock microspheres (diameter, 0.825 um; Sigma 96 Chemical Co.). into 2.0 mL of PB, and kept on ice. The assay was performed by 97 mixing equal volumes (l00 mL) of washed yeast cells (5 x 10 7 cells per mL) and 98 microspheres in polypropylene test tubes and incubating the mixture for 2 min at 99 room temperature. The mixtures were vortexed subsequently for 30 s, and microscope 100 slides were prepared. Cultures were determined to exhibit CSH when 95% of the 101 population had more than three attached microspheres. indicated very little growth difference between these strains at the experimental 133 temperatures. There was, however, a significant difference in the growth rate constant 134 and generation time for each strain at the two different temperatures (Table 1) incorporated more of the individually tested nutrient than A9-WT with a hydrophilic 139 surface (Figures 1 and 2) . Amino acid incorporation was linear in both strains up to 140 60 minutes (data not shown). However, the percentage of increase varied according 141 to the amino acid, with A9-V10 incorporating 5% more aspartic acid and leucine, 142 11% more arginine, and 30% more histidine and serine than A9-WT. Experimental 143 the described conditions (data not shown). Incorporation of arginine, histidine, 145 leucine, and serine by both A9-WT and A9-V10 was further enhanced by the 146 presence of 1 or 10 ug of farnesol compared to untreated. However, the magnitude of 147 the effect of farnesol on transport by A9-WT and A9-V10 was dependent on the 148 amino acid studied (Table 2) . Aspartic acid incorporation also was enhanced by 149 farnesol treatment; however, 10 µg of farnesol increased A9-WT incorporation to 1.1 150 picomoles per mg dry weight, and A9-V10 incorporation to 1.8 picomoles per mg dry 151 weight from the untreated baseline of 0.76 and 0.8 picomoles per mg dry weight, 152 respectively. Farnesol concentrations greater than 10 ug/mL reduced the 153 incorporation and presumably the transport of all amino acids tested. This study demonstrates that as farnesol concentrations increased, the initial 172 incorporation enhancement was diminished to control levels (0 µg farnesol). These 173 results indicate a gradient effect produced by farnesol that influences metabolic 174 activities of this organism. These results, as well as previous investigations that have 175
shown that farnesol prevents biofilm formation (Ramage et al. 2002) and inhibits 176 mycelial development in a quorum-sensing manner (Hornby et al. 2001) suggests that 177 farnesol might be the first of a new class of antifungal compounds. 178
In addition, Hornby et al. (2003) 
